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IMAGE PROCESSING METHOD AND
DEVICE

CROSS-REFERENCES TO RELAT
APPLICATIONS

T
w

This present application 1s a continuation of U.S. patent
application Ser. No. 10/941,839 filed Sep. 16, 2004 titled,

“AN IMAGE PROCESSING METHOD AND DEVICE.”
The specification of said application 1s hereby incorporated 1n
its entirety, except for those sections, 1 any, that are incon-
sistent with this specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to processing an image. More
particularly, the present invention relates to processing mul-
tiple rows of pixels of an 1image simultaneously with a single
istruction.

2. Description of the Related Art

Generally, analyzing and processing of a selected pixel of
an 1mage includes building a pixel window having neighbor-
ing pixels of the selected pixel and processing the selected
pixel with respect to the neighboring pixels 1n the pixel win-
dow. Accordingly, pixels 1n a pixel window are processed
with respect to one another.

A typical hardware implementation of 1image processing
utilizes a large butler to store multiple pixels of 1image data.
This requires the use of an application specific integrated
circuit (ASIC) at a substantial cost for implementation. Fur-
ther, a typical software based implementation of an imaging,
process requires multiple instruction cycles for building pixel
windows, processing the pixel windows and loading pixels to
the pixel windows, thereby consuming a higher processor
bandwidth and requiring use of larger and faster processors.
Unfortunately, the typical hardware and software solutions
for image processing are not cost-elficient.

Accordingly, 1t 1s important to provide an 1mage processing
method and device without requiring high processor band-
width. It 1s also important to provide an 1mage processing
method and device to eliminate the need to build pixel win-
dows manually. Therefore, there 1s aneed for executing image

processing without having to utilize faster and larger proces-
SOI'S.

SUMMARY OF THE INVENTION

The present invention provides a method of processing
multiple rows of pixels of an 1image simultaneously with a
single instruction. According to an aspect of the present
invention, the processing includes building the multiple rows
ol pixels of the image 1n horizontal and vertical load registers
that are arranged with respect to each other to correspond with
the 1mage.

Further, the processing includes processing of multiple
rows of pixels that are stored 1n non-sequential locations 1n a
memory.

The present invention also provides a method of selecting
pixel windows having a plurality of pixels of an 1image span-
ning across multiple rows and columns, building vertical and
horizontal load registers to include the plurality of pixels of
the selected pixel windows, and simultaneously processing,
selected pixels of the plurality of pixels included 1n the ver-
tical and horizontal load registers using a single istruction,
wherein the vertical and horizontal load registers are shifted
when the selected pixels are processed. Further, the shifting
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2

of the vertical and horizontal load registers includes shifting
a pixel in each of the horizontal load registers into at least one
of the vertical load registers when the selected pixels are
processed. The present invention also includes changing the
plurality of pixels in the selected pixel windows each time the
selected pixels are processed.

The present invention also provides an 1mage processing,
device including a processor for processing multiple rows of
pixels of an 1image simultaneously with a single mstruction,
where the multiple rows of pixels of the image are arranged in
vertical and horizontal load registers. Further, the present
invention provides a number of the horizontal and vertical
load registers based on an 1imaging algorithm used.

Further, a method of the present invention includes build-
ing vertical and horizontal load registers to include a plurality
of pixels of an 1mage spanning across multiple rows and
columns, and simultaneously processing selected pixels of
the plurality of pixels spanning across the multiple rows using
a single mstruction, wherein most significant bits of each of
the horizontal load registers are shifted into the vertical load
registers when the selected pixels of the image are processed,
and at least one of the vertical load registers 1s overwritten.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the invention
will become apparent and more readily appreciated from the
following description of the embodiments, taken 1n conjunc-
tion with the accompanying drawings of which:

FIG. 1 1s a tlow chart for illustrating an 1imaging process,
according to an embodiment of the present invention.

FI1G. 2 1s a diagram illustrating pixel windows, according to
an embodiment of the present invention.

FIG. 3 1s a diagram 1llustrating vertical and horizontal load
registers of a pixel window, according to an embodiment of
the present invention.

FIGS. 4A, 4B and 4C are diagrams 1illustrating pixel win-
dows and corresponding vertical and horizontal load regis-
ters, according to an embodiment of the present invention.

FIGS. 5A, 5B and 5C are diagrams 1llustrating respective
shifting operations of pixel windows of F1IGS.4A, 4B and 4C,
according to an embodiment of the present invention.

FIGS. 6 A and 6B are diagrams 1llustrating an exemplary
pixel window and vertical and horizontal load registers,
according to an embodiment of the present invention.

FIG. 7 1s a diagram 1illustrating shifting operation of the
pixel window of FIG. 6 A, according to an embodiment of the
present invention.

FIGS. 8A and 8B are diagrams 1llustrating pixel windows
and corresponding vertical and horizontal load registers,
according to an embodiment of the present invention.

FIGS. 9A and 9B are diagrams illustrating respective shift-
ing operations of pixel windows of FIGS. 8A and 8B, accord-
ing to an embodiment of the present invention.

FIG. 10 1s a diagram 1illustrating a pixel window, according
to an embodiment of the present invention.

FIG. 11 1s a diagram 1illustrating vertical and horizontal
registers of the pixel window of FIG. 10, according to an
aspect of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR

L1
]

ERRED

Retference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated 1n the accompanying drawings, wherein like ret-
erence numerals refer to the like elements throughout. The
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embodiments are described below to explain the present
invention by referring to the figures.

FIG. 1 1s a flow chart 1llustrating an 1imaging process 200,
according to an embodiment of the present invention. As
shown 1n FIG. 1, process 200 includes operations 70, 80, 90
and 100. Accordingly, operation 70 includes selecting pixel
windows having a plurality of pixels of an 1image spannming,
across multiple rows and columns. From operation 70, pro-
cess 200 moves to operation 80, where vertical and horizontal
load registers are built to include the plurality of pixels of the
selected pixel windows. From operation 80, process 200
moves to operation 90, where selected pixels of the plurality
ol pixels included 1n the vertical and horizontal load registers
are simultaneously processed using a single instruction. From
operation 90, process 200 moves to operation 100, where the
vertical and horizontal load registers are shifted when the
selected pixels are processed 1n operation 90.

FI1G. 2 1s a diagram 1llustrating pixel windows, according to
an embodiment of the present invention. FIG. 2 illustrates
pixel windows 10 and 10q having a plurality of pixels of an
image spanning across multiple rows and columns. The pixel
windows 10aq and 106 are indicated using gray shading to
respectively illustrate pixel contents of the pixel windows 10a
and 10b6. The pixel windows 10 and 10q are constructed to
include neighboring pixels of selected pixels 20 and 20a,
respectively, such that processing of pixels 20 and 20a 1s
implemented with respect to corresponding neighboring pix-
¢ls. For example, the neighboring pixels with respect to pixel
20 are those pixels 1 rows above and below and pixels 1n
columns to the right and left of pixel 20.

Referring to FIG. 2, the pixel window 10 and 10a include
pixels that span across 5 rows and 3 columns. While FIG. 2 1s
explained using the pixel windows 10 and 10q having pixels
that span across 5 pixel rows and 3 pixel columns, the present
invention 1s not limited to this size of a pixel window. For
example, 4 pixel rows by 4 pixel columns, 10 pixel rows by 4
pixel columns, etc., can be processed using the present inven-
tion. For ease of explanation, it 1s assumed that each pixel
represents one bit, however, the present invention 1s not lim-

ited to such and can be implemented to process pixels having
more than one bit.

As shown 1n FIG. 2, pixels of an 1image are located within
different byte boundaries 30a, 305 and 30c 1n a memory (not
shown). In FIG. 2, pixel window 10q 1llustrates one of the
subsequent positions of pixel window 10 when 1imaging pro-
cess 200 of F1G. 1 1s applied to pixel window 10, according to
an embodiment of the present invention. The pixel window 10
moves or shifts across byte boundaries 30a and 305 as
denoted by arrow 11 based on execution of imaging process
200 of FIG. 1. The operation resulting 1n the shifting of pixel
window 10 1s described in detail 1n the following paragraphs.

FI1G. 3 1s a diagram illustrating vertical and horizontal load
registers of a pixel window, according to an embodiment of
the present invention. In FIG. 3, vertical load registers 40a
and 406 and horizontal load registers 50a, 505, 50¢, 504 and
50¢ are loaded when pixel window 10 i1s to be processed
according to 1imaging process 200 of FIG. 1. Specifically,
horizontal load registers 50a, 505, 50¢, 504 and 50e corre-
spond to registers 1 through 5 (Reg 1 through Reg 5 in FI1G. 3).
The horizontal load registers 50a, 505, 50¢, 504 and 30e
contain all the pixels within byte boundaries 30a and 305 of
FIG. 2 while vertical load registers 40a and 405 contain 2
pixel columns prior to byte boundary 30a, which are the
remaining pixels 1 pixel window 10. Most significant bits 60
of the horizontal load registers 50a, 305, 50¢, 504 and 50¢ are

placed closest to the vertical load registers 40a and 405.
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4

FIGS. 4A, 4B and 4C are diagrams 1illustrating pixel win-
dows and corresponding vertical and horizontal load regis-
ters, according to an embodiment of the present invention.
FIG. 4 1illustrates application of operation 100 of FIG. 1 to
pixel window 10 1n FIG. 2. The vertical load registers 40a and
4056 and the horizontal load registers 50a, 505, 50¢, 504 and
50¢ 1n F1G. 3 are shufted when pixels in pixel window 10 are
processed based on operation 90 of 1imaging process 200 in
FIG. 1. Accordingly, when pixel window 10 1s processed,
pixels i vertical load register 40a in F1G. 3 are overwritten by
pixels 1n vertical load register 405. Accordingly, the contents
of vertical load register 405 are transierred to vertical load
register 40q. Further, horizontal load registers 50a, 505, 50c,
50d and 50e¢ are also shifted to the left so that most significant
bits 60 of the horizontal load registers 50a, 505, 50¢, 504 and
50¢ are transierred to vertical load register 400b.

FIG. 4A shows pixel window 1054 that results when pixel
window 10 of FIG. 3 1s processed and horizontal load regis-
ters 50a, 505, 50c, 504 and 50e¢ and vertical load registers 40a
and 4056 are all shifted to the left according to imaging process
200 of FIG. 1. As denoted by arrow 11 1n FIG. 2, once pixel
window 10 1s processed resulting in shifting of horizontal
load registers 30a, 305, 50c, 504 and 50e and vertical load
registers 40a and 405, pixel window 1056 1n FIG. 4A 1s con-
structed. Accordingly, pixel contents of horizontal load reg-
isters 50a, 505, 50¢, 504 and 50e and vertical load registers
40a and 405 of FIG. 3 changes. As shown 1n FIG. 4A, hori-
zontal load registers 51a, 51b, 51c, 51d and Sle and vertical
load registers 41a and 415 have ditterent pixel contents than
horizontal load registers 50a, 505, 50c, 504 and 50e and
vertical load registers 40a and 4056 of FIG. 3. Further, when
pixel window 10 1s processed and pixels 1n the horizontal load
registers 50a, 505, 50¢, 504 and 50e are shifted towards the
vertical load registers 40a and 4056 1n FIG. 3, the resulting
horizontal load registers Sla, 515, 51¢, 51d and 51e are
loaded with values that are not required for the processing of
pixel window 10b. For example, column A containing X
values 1 FIG. 4A 1llustrates that the last bits of horizontal
load registers S1a, 51b, 51¢, 51d and 51e contain values that
are not required for processing pixel window 105.

Reterring to FIG. 4B, when pixel window 106 of FIG. 4A
1s processed, hornizontal load registers 51a, 5315, 51¢, 514 and
51e and vertical load registers 41a and 415 shift to the left,
resulting 1n pi1xel window 10c¢ as shown 1n FIG. 4B. Specifi-
cally, pixels in vertical load register 41a of FIG. 4A are
overwritten by pixels 1 vertical load register 415, and the
most significant bits 60 of each horizontal load registers 51a,
51b, 51c, 51d and 51e are loaded 1nto vertical load register
41b. As described above, as most significant bits 60 of the
horizontal load registers continue to be shifted or transferred
to at least one of the vertical load registers, columns A and B
in FIG. 4B contain values that are not required for processing
of pixel window 10c¢. Similarly, when horizontal load regis-
ters 52a,52b,52¢, 52d, 52¢ and vertical load registers 42a and
426 1 F1G. 4B are shifted to the leit, horizontal load registers
53a, 53b, 53¢, 53d, 53¢ and vertical load registers 43a and
435 result as shown 1n FIG. 4C. Further, when 1maging pro-
cess 200 1s applied to pixel window 10c¢ 1n FIG. 4B, pixel
column and rows of pixel window 10¢ changes to pixel win-
dow 10d, according to an embodiment of the present inven-
tion. As 1llustrated 1n FIG. 4C, columns A, B and C contain
values that are not required for processing pixel window 104d.

FIGS. 5A, 5B and 5C are diagrams 1llustrating respective
shifting operations of the pixel windows 105, 10¢c and 104 of
FIGS. 4A, 4B and 4C, according to an embodiment of the
present invention. FIG. 5 illustrates the shifting movement of
pixel windows upon processing of pixel windows 10,105 and
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10c. Specifically, upon processing pixels in pixel window 105

of FIG. 5A, content of pixel window 105 1s sequentially
changed to pixel windows 10¢ and 104 1n FIGS. 5B and 5C.
As1s evident from FIGS. SA, 58 and 5C, pixel window 104 in
FIG. 5C 1s closer to byte boundary 306 than pixel windows 5
106 and 10c¢ of FIGS. 5A and 5B.

FIGS. 6A and 6B are diagrams illustrating an exemplary
pixel window and vertical and horizontal load registers,
according to an embodiment of the present invention. In FIG.

6, pixel window 10e 1s formed of pixels in the last 3 pixel 10
columns before the byte boundary 305 1n FIG. 2. As shown 1n
FIG. 6 A, horizontal load registers 54a, 54b, 534¢, 54d and 54¢
and vertical registers 44a and 445 are built for pixel window
10e. Then, as shown 1n FIG. 6B, the vertical load registers 45a
and 455 keep getting reloaded with pixels until shifting of all 15
the pixels 1n horizontal load registers 54a, 545, 54¢, 544 and
54e 1s completed. According to an embodiment of the present
invention, an imaging process 90 1s not executed because only
vertical load registers 45a and 455 contain pixels while the
most significant bits 60 of horizontal load registers 35a, 555, 20
53¢, 535d and 55¢ are not loaded with pixels.

FIG. 7 1s a diagram 1illustrating shifting operation of the
pixel window be of FIG. 6A, according to an embodiment of
the present invention. As mentioned above, pixel window 10e
contains the far right three pixel columns within boundary 25
30a. Accordingly, when operation 90 of FIG. 1 1s applied to
pixel window 10e, corresponding horizontal load registers
S5da, 54b, 54c, 54d and 54e¢ and vertical registers 44a and 44H
are shifted to the left so that most significant bits 60 of 54aq,
5456, 54¢, 54d and 54e 1n FIG. 6 A are transferred to vertical 30
register 445 while pixels 1n vertical register 445 are shifted to
vertical register 44a. Further, when pixel window 10e of FIG.

6 A having the last 3 pixel columns before byte boundary 305

1s processed and horizontal load registers 33a, 55b, 55¢, 55d
and 35¢ and vertical load registers 45a and 456 of FIG. 6B are 35
loaded, pixel columns subsequent to boundary byte 3056 con-
tinue to be loaded into the horizontal and vertical load regis-
ters as described below 1n relation to FIGS. 8A and 8B.

FIGS. 8 A and 8B are diagrams illustrating pixel windows
and corresponding vertical and horizontal load registers, 40
according to an embodiment of the present mvention. FIG.
8A shows pixel window 10f having initial 2 pixel columns
from pixel columns before byte boundary 305 and 1 pixel
column having pixels after byte boundary 306 as shown 1n
FIG. 9A. Further, FIG. 8B shows pixel window 10g having 1 45
pixel column before byte boundary 306 and 2 pixel columns
alter byte boundary 305 as shown in FIG. 9B. As shown 1n
FIGS. 8A and 8B, vertical and horizontal load registers are
built for pixel window 10f and pixel window 10g, respec-
tively. For pixel window 10f, horizontal load registers 56a, 50
56b,56¢, 56d, 56¢ are constructed, and for pixel window 10g,
horizontal load registers 57a, 57b, §7c, 57d, 57¢ are con-
structed. Further, vertical load registers 46a, 466 1n FIG. 8A
and vertical load registers 47a and 475 are respectively con-
structed for pixel window 10/ and pixel window 10g. 55

As mentioned above, FIG. 9A shows that pixel window 107
has 2 initial pixel columns before byte boundary 305 and 1
pixel column subsequent to byte boundary 305. And FIG. 98
shows that pixel window 10g has the initial pixel column
before byte boundary 305 and 2 pixel columns after byte 60
boundary 305. Accordingly, FIGS. 9A and 9B show shifting
of pixel window 10fto pixel window 10g as imaging process
200 1s applied to pixel window 101.

FI1G. 10 1s a diagram 1llustrating a pixel window, according,
to an embodiment of the present invention. As shown 1 FIG. 65
10, pixel window 10/ has 8 pixel rows by 3 pixel columns. As
discussed above, byte boundaries 30a, 305 and 30¢ represent
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byte boundaries 1n a memory within which pixels of an 1image
are stored. While FIG. 10 1s explained using pixel window
10/2 having 8 pixel rows by 3 pixel columns, the present
invention 1s not limited to processing a pixel window of that
S1Z€.

FIG. 11 1s a diagram 1llustrating vertical and horizontal
registers of the pixel window of FIG. 10, according to an
aspect of the present invention. As shown in FIG. 11, multiple
pixel windows 10/ 1, 11, 111 and IV having 3 pixel columns by
S pixel rows are constructed for pixel window 10/ of F1G. 10
that has 8 pixel rows by 3 pixel columns. Accordingly, for
cach of the multiple pixel windows 10/ I, II, III and IV, a
corresponding instruction 1s implemented to process pixel
columns and rows 1n pixel windows 10/ 1, 11, I1I and IV where
only pixel window 10/ IV shifts horizontal load registers 58a,
58b, 58c¢, 58d, 58¢, 58/, 382 and 38/ and vertical load regis-
ters 48a and 485b. This allows the present mnvention to 1mple-
ment efficient image processing by serially executing mul-
tiple pixel windows of a larger pixel window with
corresponding istructions. As shown in FIG. 11, horizontal

load registers 58a, 58b, 58¢, 538d, 58¢, 58/, 582 and 38/ and

vertical load registers 48a and 485 are constructed for pixel
window 10/ of FIG. 10. Upon processing of pixels 1n pixel

windows 10/ IV, most signmificant bits 60 of horizontal load
registers 58a, 58b, 58¢, 58d, 58¢, 58/, 58z and 58/ are shufted

into vertical load register 485. Moreover, pixels 1 vertical
load register 485 are shifted to the left to overwrite pixels of
vertical load register 48a. Further, according to another
embodiment of the present invention, pixel windows 10/ 1, 11,
III and IV are processed simultaneously using a single
instruction, causing the horizontal load registers 58a, 585,
58c¢, 58d, 58¢, 538/, 58¢ and 38/ and the vertical load registers
48a and 485 to be shifted.

For example, central processing units such as, Tensilica
XTensa T1050, ARC600 and ARC700, MIPS Pro series can

be used to process multiple rows of pixels of an 1mage simul-
taneously with a single istruction, according to the present
invention. However, while the imaging process of the present
invention can be utilizing Tensilica X'Tensa T1050, ARC600
and ARC700, MIPS Pro series central processing units, the

present invention 1s not limited to use by these processing
units.

Accordingly, the method of the present invention enables
processing of multiple rows of pixels of an 1mage simulta-
neously with a single instruction. The method further
includes selecting a pixel window having a plurality of pixels
of an 1mage spanning across multiple rows and columuns,
building vertical and horizontal load registers to include the
plurality of pixels of the selected pixel window, where
selected pixels are simultaneously processed and the vertical
and horizontal load registers are shifted when the selected
pixels are processed.

The present invention also provides processing of multiple
rows ol pixels that are stored 1n non-sequential locations 1n a
memory. Further, the present invention includes shifting most
significant bits of each of the horizontal load registers into the
vertical load registers when the multiple rows of pixels of the
image are processed, where at least one of the vertical load
registers 1s overwritten.

The present invention also provides an 1mage processing,
device having a processor for processing multiple rows of
pixels of an 1image simultaneously with a single istruction,
wherein the multiple rows of pixels of the image are arranged
in vertical and horizontal load registers. Further, the process-
ing ol the multiple rows of pixels of the image includes
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shifting of the pixels of the image that are arranged 1n the
vertical and horizontal load registers when the multiple rows
of pixels are processed.

Additionally, the present invention provides building ver-

tical and horizontal load registers to include a plurality of 5

pixels of an 1mage spanning across multiple rows and col-
umns, and simultaneously processing selected pixels of the
plurality of pixels spanning across the multiple rows using a
single mstruction, wherein most significant bits of each of the
horizontal load registers are shifted into the vertical load
registers when the selected pixels of the image are processed,
and at least one of the vertical load registers 1s overwritten.

Although a few embodiments of the present invention have
been shown and described, it will be appreciated by those
skilled 1n the art that changes may be made 1n these embodi-
ments without departing from the principles and spirit of the
ivention, the scope of which 1s defined in the appended
claims and their equivalents.

What 1s claimed 1s:

1. An 1image processing device, comprising:

a processor for processing multiple rows of pixels of an

image simultaneously with a single instruction;

a plurality of horizontal load registers; and

a plurality of vertical load registers, including a first verti-

cal load register and a second vertical load register;
wherein the multiple rows of pixels of the image are
arranged 1n (1) the plurality of vertical load registers and
(11) the plurality of horizontal load registers;
wherein the processor 1s configured to shiit pixels from the
first vertical load register to the second vertical load
register; and
wherein the processor 1s further configured to shift at least
one pixel corresponding to a bit of each of the plurality
ol horizontal load registers into the first vertical load
register.

2. The image processing device according to claim 1,
wherein the processing includes processing of the multiple
rows of pixels of the image that are stored 1n non-sequential
locations 1n a memory.

3. The mmage processing device according to claim 1,
wherein the multiple rows ol pixels of the image are included
in a pixel window having pixel columns, and a content of the
pixel window changes each time the multiple rows of pixels
are processed.
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4. The 1mage processing device according to claim 1,
wherein a number of the horizontal load registers and a num-
ber of the vertical load registers provided are based on an
imaging algorithm used.

5. The 1mage processing device according to claim 1,
wherein the number of horizontal load registers 1s equal to the
number of pixels stored 1n the first vertical load register.

6. The 1mage processing device according to claim 1,
wherein each of the pixels represents one bat.

7. The 1mage processing device according to claim 1,
wherein the plurality of horizontal load registers and the
plurality of vertical load registers provided are based on an
imaging algorithm used.

8. A method, comprising:

building (1) a plurality of vertical load registers and (11) a

plurality of horizontal load registers, to include a plural-
ity of pixels of an 1image spanming across multiple rows
and multiple columns; and

simultaneously processing, by a processor, selected pixels

of the plurality of pixels spanning across the multiple
rows using a single mnstruction;

shifting, by the processor, pixels from a first vertical load

register of the plurality of vertical load registers into a
second vertical load register of the plurality of vertical
load registers; and

shifting, by the processor, pixels corresponding to bits of

cach of the plurality of horizontal load registers into the
first vertical load register.

9. The method according to claim 8, wherein said shifting
pixels of the first vertical load register into the second vertical
load register further comprises:

shifting each of the pixels of the first vertical load register

into a corresponding position in the second vertical load
register.

10. The method according to claim 8, wherein each of the
pixels represents one bit.

11. The method according to claim 8, wherein (1) the plu-
rality of horizontal load registers and (11) the plurality of
vertical load registers provided are based on an imaging algo-

rithm used.



	Front Page
	Drawings
	Specification
	Claims

